Abstract This paper describes the economic value of Protected Areas (PA) in the Congo Basin. It should be noted that the focus is on forest ecosystem values more generally, rather than PA values per se. This is because little or no specific information exists on the value of PAs in the sub-region, whereas data are available which look at the economic benefits associated with natural forests. In effect, the values referred to below therefore indicate the economic benefits that are generated from the conservation and sustainable use of forest biodiversity and ecosystems in the Congo Basin -to which ends which PAs provide an important conservation mechanism. The total economic value (TEV) is applied here as framework used to categorise ecosystem values. Data are coming from the existing literature in order to come up with broad estimates of the economic value of Congo Basin PAs. The main findings of this research estimate rely on different source data and calculation methods, represent a mixture of actual and potential values, and only consider key goods and services, it should be noted that the figures cannot be summed to give a single figure for the total economic value of Congo Basin PAs. As final results, the TEV is around US$ 603,468,014,907 with US$ 13,884,954 for direct use value; US$ 589,532,157,606 for indirect use value and US$ 50,903,301 for option, existence and bequest value. Henceforth, to maintain the sustainability of Congo basin, there is a need to provide adequate financing for protected areas. While precise figures are difficult to obtain, there is unquestionably a high economic and development value to protected area conservation. In many cases this value far exceeds those arising from alternative-and less sustainable-land and resource use options.
Over recent years it has become commonplace to conceptualise ecosystem services in terms of the framework laid out in the Millennium Ecosystem Assessment (MEA) ( Millenium Ecosystem Assessment, 2005) , which relates the provisioning, regulating, supporting and cultural services of ecosystems to various aspects of human wellbeing. Each of the categories of TEV correspond to a different component of the MEA framework: direct values to provisioning services, indirect values to supporting and regulating services, existence values to cultural services, and option values potentially cross-cutting all four categories of MEA service. The two overlapping frameworks, within which the forest ecosystem values of the Congo Basin are categorised in this paper, are illustrated in Figure  1 .
Summary of the economic value of Congo Basin PA goods and services
There is a paucity of reliable quantitative data on the economic value of ecosystem goods and services in Congo Basin countries. Although several detailed studies on the economic value of forest environmental goods and services have been carried out over the last decade in Cameroon(Note 1), there is only one comprehensive study of the economic value of forest ecosystems. This was carried out in 2007 by CIFOR, CIRAD and the World Bank, and focuses on the Democratic Republic of Congo (Debroux, Hart, Kaimowitz, Karsenty, & Topa, 2007) . The current paper takes the basic framework for analysis and the key assumptions from this study, and extends and updates them with data provided from literature in order to come up with broad estimates of the economic value of Congo Basin PAs. Indicative gross values(Note 2) are presented for key goods and services. As the estimates rely on different source data and calculation methods, represent a mixture of actual and potential values (i.e. not all of the values presented are currently being captured), and only consider key goods and services, it should be noted that the figures cannot be summed to give a single figure for the total economic value of Congo Basin PAs. It is also important to underline that the figures presented below are indicative estimates only, aiming to provide broad-brush approximations of the scope and magnitude of PA values. As such, they should be treated with caution. They are based on many different secondary data sources, which are of varying credibility and reliability. The value estimates are of necessity partial, depend on a large number of assumptions about the relationships which exist between PA ecosystems and economic processes, and often involve the broader extrapolation of data which have been generated in specific sites or at a particular time. Details of the many assumptions made in the calculations presented below, and the data sources they have been based on, are provided in the annex to this report. Finally, it should be emphasised that the values presented in this paper inevitably cover only a tiny proportion of the total economic value of Congo Basin PAs. Only selected goods and services have been able to be quantified in monetary terms, since many natural assets are not easily to value in monetary terms in Congo Basin countries (Lescuyer, 1998) . In most cases these both rely on very conservative assumptions, and thus probably underestimate the true scale of benefits. Indeed, many of the values associated with Congo Basin PAs -especially those relating to cultural, existence and option values -cannot be quantified, and in some cases represent immeasurably large values. It is however worth underlining that, however imperfect currently available information is, this kind of wider quantification of ecosystem economic values makes an important point that both there is a high (although largely unrecognised) economic and development value to PA conservation, and in many cases this value far exceeds other less sustainable land and resource use options. For example the total economic value of a tropical forest in the East Cameroon region has been valued at US$ 1,561/ha (Lescuyer, 2000) . This includes timber (logging), NTFP and carbon sequestration. The total economic value of Ivindo National Park in Gabon has been estimated at US$ 76.6 million(Note 3) (Lescuyer, 2006) , including ecotourism, carbon sequestration, and non-use values. This compares to a logged value of US$ 32.4 million. A value of US$ 1,175/ha has been attributed to the conservation of tropical forest in Cameroon (Ngo Nonga, 2002) , where only harvesting of NTFP and medicinal product are allowed, as well as factoring in the value of carbon sequestration. The intention is to represent and underline the key importance of Congo Basin forest ecosystems to local, national and even global economic processes, beyond the (mainly timber) benefits that are reflected in conventional economic analyses and official statistics. According to WWF, approximately 30 million people, representing more than 150 indigenous groups, live in the Congo River Basin portion of the countries which are included in this project (out of a total population of more than 90 million people (UNDP, 2009)); in total, more than 77 million people live in the Congo Basin (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) . Almost all of this human population depend in some way on PA goods and services. The figures presented below make the point that PAs constitute far more than a static stock of biological and ecological resources -they represent a valuable natural asset, which if managed wisely and sustainably will continue to yield these economic values in perpetuity.
Direct values / provisioning services

Timber
Immense values have long been generated from the exploitation of timber resources in Congo Basin countriesalthough the formal forestry sector's contribution to GDP has been consistently decreasing over time, especially for countries where the oil and minerals sectors have been growing (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) . Currently, it is estimated that the formal forestry sector contributes between 0.2% (in Equatorial Guinea) and 6.0% (in Cameroon) to GDP, and earns almost € 120 million in tax income each year for the governments of Congo Basin countries (   Table) . In addition, it generates a range of other benefits to the national economy: in Central African Republic (CAR) for example timber comprises 41% of all export earnings, and in both CAR and Gabon the forestry sector is the second largest employer after the state (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) . Forest companies also often play a significant role in terms of construction and maintenance of roads, classes, development of water wells and village electrification. The formal forestry sector in Congo Basin countries produces more than 10 million tonnes of timber a year (Table) , with production dominated by Gabon (3.96 million tonnes) and Cameroon (3.16 million tonnes). A large proportion of this timber is exported -around 50% overall, ranging from 15% in Central African Republic to over 90% in the Democratic Republic of Congo. The current total annual value of these exports exceeds US$ 2.5 billion, while the estimated market value of domestically-consumed timber and timber products is estimated to total almost US$ 1 billion. Data for Cameroon, CAR, Congo, DRC and Gabon sourced from ITTO Annual Review of World Timber 2010; for Equatorial Guinea from FAOSTAT. Export prices and values as stated in these sources; value of domestically-consumed timber assumes 50% of f.o.b. export price as average. *as export volumes exceed production, it is concluded that a proportion of trade involves re-exports; as data are not available on domestically-consumed production, values have not been calculated. It is likely that in Congo Basin countries, the informal forestry sector is at least as important as the formal sectoralthough reliable data do not exist about the exact volume of timber extracted. One estimate for the Democratic Republic of Congo suggests that informal timber harvesting totals around 1.5 to 2.5 million m 3 a year: between four and six times as much as officially-recorded production (Djiré, 2009 cited in Debroux et al, 2007 . If we take a conservative estimate of informal harvesting at twice the recorded figure of formal sector timber production, and apply domestic market prices, this suggests a minimum annual value of some US$ 4.3 billion.
Woodfuel
Woodfuel is the dominant energy source in both rural and urban areas of the Congo Basin, and most is sourced from natural forest areas (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) . Annual consumption is recorded at around 95 million m 3 , mainly comprised of firewood, with a total value of some US$2.8 billion (Table ) .
Non-wood forest products
Non-wood forest products (NWFP) are arguably the most important direct use value obtained from Congo Basin forests, because they are so vital to the income, nutrition and health of a large proportion of the rural population. A study in the tropical forests of East Cameroon has, for example, found an economic value for NWFP harvesting of around US$ 54/ha/year (Lescuyer, 2000) . Bushmeat provides a significant and direct source of protein. Overall, approximately 80% of the volume of meat eaten in Congo Basin countries comes from wild animals (Biodiversity Support Program, 2001) , which contributes between 30% and 80% of the protein consumed by forest-dwelling families (Usongo & Nagahuedi, 2008) . In many places this rises as high as 98% (Tchamie, 1996) . It provides a cheap and easily-accessible source of nutrition, and plays a vital part in the diets, livelihoods and food security of rural households (Bowen-Jones, Brow, & Elizabeth Robinson, 2002) , especially during the hungry season and in situations of stress and emergency (De Merode, Homewood, & Cowlishaw, 2003) . Around the Dja Reserve for example bushmeat contributes up to 98% of protein intake of nearby communities and in Gabon up to 73% (Bowen-Jones, Brow, & Elizabeth Robinson, 2002) . Among a Ntomba community in the Democratic Republic of Congo, bushmeat, fish and insects provide 47% of protein (Hoare, 2007) . Around Camp Ma'an National Park in Cameroon, local people derive most of their income and food from hunting and fishing (Dounias, 1993) . A hunter can earn up to US$ 28 a month (Nlom, 2009) . It is estimated that the rural revenue generated by bushmeat is at least equal to, and possibly more than, that produced by the formal logging industry (Usongo & Nagahuedi, 2008) . A comprehensive study of the total volume of bushmeat harvesting, for both home consumption and sale, estimates total annual consumption to be in excess of 1 million tonnes a year, or an average of 35 kg per capita (Table ) (Imandar, Brown, & Cobb, 1999) . At local market prices, this translates into an annual value of nearly US$ 3 billion. It is worth noting that this probably represents a conservative estimate, as other studies put this figure at a much higher level. In the Democratic Republic of Congo alone, bushmeat consumption has been estimated to be between 1.1 and 1.7 million tonnes a year (Debroux, Hart, Kaimowitz, Karsenty, & Topa, 2007) , and it has been proposed that the total annual harvest across the sub-region exceeds 2 million tonnes (Nasi & Van Vliet, 2008) .
Other NWFP which are harvested from Congo Basin forests and PAs include a diverse range of products used for income, shelter, food, medicines and handicrafts. More than half of the population in Central Africa takes part in the harvest of NWFP (Ndikumagenge & Ngome). One feature of NWFP is that they are often collected and traded by women, and so help to increase their income and livelihood status. For example, in the humid forest zone of Cameroon, an estimated 94% of the traders of NWFPs are women (Ndoye & Tieguhong, 2004) . However, while women tend to dominate the collection and trade of many NWFP, men are more involved in the harvest of higher-value commodities such as rattans, bushmeat and medicinal plants (Hoare, 2007) . NWFP provide important sources of cash income for many households. In Equateur Province in the Democratic Republic of Congo, for example, households selling NWFP (including leaves, caterpillars, mushrooms, charcoal and palm wine) earn a monthly income of US$ 84, equivalent to or higher than that of a civil servant or a secondary school teacher (Ndoye, Awono, Preece, & Toirambe, 2007) . For local traders the monthly profit from selling the same range of products is between US$ 130 and US$ 216, roughly equivalent to that of a doctor, and for those trading in Kinshasa income can reach as high as US$ 1,352. For the Azande in the Democratic Republic of Congo, wild foods comprise around one third of household production, as compared to a half from crops (De Merode, Homewood, & Cowlishaw, 2003) . They however contribute much more to household income (about twice as much as crops, or a quarter of all household sales). NWFP sourced from Congo Basin countries also supply international export markets. Five products(Note 4) alone have an annual turnover of US$ 45 million, supplying both domestic and export markets (Ingram, 2009) . Annual imports of NWFP into France, UK, Belgium, Spain and Portugal include an estimated 32,000 tonnes coming from Congo Basin countries, worth more than US$ 96 million (Hoare, 2007) . Medicinal plants are another key NWFP sourced from forests in the Congo Basin. Up to 80% of Cameroonians use wild medicinal plants to cater to all or part of their healthcare needs, and more than 90% in the Democratic Republic of Congo (Ingram, 2009 ). For example, around Mbalmayo Forest Reserve, more than 70% of the population depend on plant-based medicines, which are 50-90% cheaper than their bought alternatives (Hoare, 2007) . In a survey in Equateur and Bandundu Provinces of the Democratic Republic of Congo, 85% of households were found to use medicinal plants to cure common ailments, and another study from South Kivu Province found that 95% of people use traditional medicines (Hoare, 2007) . The annual income for medicinal plants has been estimated at between US$ 0.7ha/year (Ruitenbeek, 1990) and US$ 18/ha/year (Lescuyer, 2000) in Cameroon.
Tourism
Congo Basin PAs support both nature tourism and recreational hunting. Poor tourist infrastructure, combined with the region's perceived insecurity, history of civil unrest and high levels of corruption, as well as the relative inaccessibility of many PAs, however means that the region's tourism remains relatively undeveloped -with the notable exception of gorilla tourism, particularly in the north of the Democratic Republic of Congo. Little or no information exists on the scale or value of hunting: there are no published accounts and few unpublished sources of information, and safari hunting companies are disinclined to discuss their operations and profitability (Wilkie & Carpenter, 1999) . Various figures for the economic value of PA tourism in Congo Basin countries do however exist (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) . In Cameroon, it is estimated that biodiversity-related tourism contributed 1.35% to the balance of trade and provided tax earnings of about € 697,000 in 2007. The biodiversity-related tourism sector is thought to directly employ nearly 800 people in CAR and provided tourist revenues estimated at nearly € 1 million. The recreational value of gorilla in Dja Wildlife Reserve in Cameroon has been estimated at US$ 192/tourist (Nkolo Ndzodo, 2005) .The economic value of ecotourism potential in Ivindo National Park in Gabon has been calculated to be US$ 1.4 million for the sites of Kongou and Baï de Langoué Waterfalls, and between US$ 125 -170 per tourist day for gorillas (Lescuyer, 2006) . Gorilla tourism is one of the most well-developed, and lucrative, sources of international tourism in to the PAs of the Congo Basin. Recent estimates (Hatfield & Malleret-King, 2007) have been made of the total value of this tourism for the four PAs of the Bwindi/Virunga forest region: Bwindi Impenetrable Forest and National Park in Uganda, Parc des Volcans in Uganda, Park de Virunga Sud in the Democratic Republic of Congo, and Mgahinga Gorilla Park in Uganda. Just looking at the Ugandan and Rwandan portions of this landscape, every international visitor spends an average of US$ 1,254 on gorilla-viewing travel; in addition, each gains an average of US$ 953 in consumer surplus(Note 5). It is further estimated that of this total, around 36% is retained in-country. The same study also estimates the current international gorilla tourism potential of Park de Virunga Sud in the Democratic Republic of Congo to be in the region of 20,000 visitors a year. Although this assumes the renovation and rebuilding of tourist infrastructure and a return of international confidence in the Democratic Republic of Congo as a tourist destination, it is based on actual pre-war tourism figures and on gorilla tourism to neighbouring countries and PAs, and may therefore be a realistic estimate. Based on these figures, and on the per capita values imputed to gorilla tourism in Rwanda and Uganda, this suggests a potential value of US$ 44.14 million a year, of which US$ 15.89 million might be retained in-country.
Indirect values / supporting and regulating services 4.1 Watershed protection
According to the World Resources Institute, the Congo River Basin drains a watershed area of 3,730,474 km 2 . It covers all of the Democratic Republic of Congo, as well as parts of Congo, Cameroon, the Central African Republic, Equatorial Guinea, Burundi, Tanzania, Zambia and Angola. PAs and forests provide important protection services to the Congo watershed, as well as several other major basins -the Ogooué, Sanaga, Cross and the lower Niger, and a number of smaller basins which drain into the Gulf of Guinea (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) . The Congo Basin is however by far the largest, with annual renewable water resources of about 1.3 billion cubic metres, supporting more than 77 million people (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) . Forested PAs yield a number of important water-related ecosystem services, including water supply, flow regulation, control of siltation and sedimentation, and water quality. Unfortunately, a severe lack of hydrological research and data mean that little is known of the exact relationships between forests and hydrological processes in Congo Basin countries. Forested PAs do however clearly play an important role in downstream water supplies and water quality: for domestic and industrial use, irrigation, hydropower and other activities. Watershed protection is particularly important to the hydropower industry, which currently represents most of the installed capacity for generating electricity in Congo Basin countries. In 2008, the total installed operational capacity for hydropower fed by Congo Basin Rivers was reported at 6,490 MW(Note 6), 3,634 MW or almost 56% of which is located in the project countries (mainly the Democratic Republic of Congo). Looking at the costs avoided of replacing natural forest watershed protection functions with artificial infrastructure, and assuming a per hectare value which is taken from forest areas in the broader region with similar conditions(Note 7) can be averaged across all forest in the Congo Basin, the annual value of these services may be in excess of US$ 1.05 billion a year.
Micro-climate and global rainfall
A large part of the rainfall in the Congo Basin is thought to come from the recycling of moisture by the forest: it is estimated that between 75% and 95% of rainfall is recycled within the Congo Basin and that evaporation from the region contributes about 17% of rainfall in West and Central Africa (Mataé, 2008) . Deforestation in the Congo Basin is thought to be having a strong effect on both local and global rainfall. Regional-scale atmospheric simulation experiments have shown that deforestation in timber concessions could affect precipitation inside adjacent PAs in Congo and Gabon, indicating that in some parks rainfall reduced by as much as 15% as a result of loss of forest (Baidya Roy, Walsh, & Lichstein, 2005) . It is also asserted that deforestation in the Congo Basin causes a decrease in precipitation of 5-15% in the Great Lakes region of the USA, and affects parts of Ukraine and Russia where May precipitation is reduced by as much as a quarter (Avissar & Werth, 2005) . Satellite observations on tropical rainfall distribution and historical river flow observations also appear to document a natural see-saw oscillation across the Atlantic Ocean, showing that floods over the Amazon basin tend to coincide with droughts over the Congo Basin and vice-versa (Eltahir, Loux, Yamana, & Bomblies, 2004) . Deforestation in the Congo Basin could thus have an important effect on this natural oscillation, as large variations in rainfall over the continental centres of convection and rainfall of the Amazon and the Congo are likely to have significant impacts on the hydrology and climate of surrounding regions (Mataé, 2008) .
Carbon sequestration
Much attention has recently been focused on the role of Congo Basin forests in carbon sequestration, and the consequently devastating impacts of deforestation and forest degradation on global carbon emissions. Recent estimates made in the 2008 State of the Forests Report (De Wasseige, Devers, De Marcken, Eba'a Atyi, Nasi, & Mayaux, 2008) estimate the total stock of carbon in Congo Basin forests to be some 47 billion tonnes (Table ) . Applying the average price for carbon in voluntary offset markets(Note 8), which represents a very conservative estimate of carbon values(Note 9), to the total carbon stored in the Congo Basin's humid and closed deciduous forests, deciduous woodlands and forest/savanna mosaics suggests that the total value of this carbon stock is some US$ 585 billion. This figure however refers to the total amount of carbon sequestered in the Congo Basin's forests. In order to come up with a meaningful annual figure, we can look at the carbon sequestration value of forests in terms of costs avoided -in other words what PAs and other forms of conservation land use may save in terms of avoided deforestation and forest degradation. According to a recent study based on FAO estimates of deforestation (Mataé, 2008) , the Congo Basin loses 65.9 million tonnes of carbon per annum. Applying the voluntary market value of US$ 12.50/tonne of carbon, this translates into an annual value of some US$ 0.86 billion a year. Alternatively, we can look at the value of carbon biomass stored, year on year, as compared to the next most likely land use in forest areas. Assuming a gradual conversion over the next century of forest and woodland in Congo Basin countries to forest/cropland mosaic and open woodland shows an average annual value(Note 10) of stored forest carbon of US$ 2.5 billion. Figure 1 . the total economic value of Congo Basin forests Source: Pearce et al, (1990) Option, existence and bequest Donor assistance to protected areas taken from Galindo 2010 US$ 50,903,301 
